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ABSTRACT

The specific aims of the program were to investigate '"the
sideway force method” for the prediction of frictional
characteristics of pavement surfaces in terms of pavement
types, layout features, and traffic conditions. As part of the
program, an evaluation of the adaptability of the Mu~-Meter as a
standard highway friction measuring trailer was conducted, In
the evaluation such items as repeatability, speed, temperature
and tire pressure versus friction, and the ability to correlate
with other friction measuring devices were of prime interest.

The research indicated that the Mu-Meter, when modified, 1is
a highly acceptable and functionable friction measuring trailer
capable of testing 250 lane miles per working day. At a total
cost of $10,600, the Mu-~Meter test unit is inexpensive as
compared to other skid trailers. Since the unit 1s an accurate
form of testing, it appears that such a unit would be a highly
economical method to measure pavement friction,

The Mu-Meter was used in an inventory of 3,439 miles of the
Arizona Highway system with the following results. Only 2.8
percent of the system fell below a Mu-Meter reading of 40, but
29 percent of the wet weather accidents fell in the same range,
It was also found that when considering the wet weather
accidents for a 20 mile section of concrete highway that only
23 percent of the wet weather days had greater than 0.1l inches

of rain, but were responsible for 74 percent of the wet weather
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accidents. This indicates that approximately a tenth of an
inch or greater rain per day may be necessary to creatc a
hazardous condition,

As noted by others, there appeared to be a seasonal
variation 1in ffiction; however, results 1indicated that this
phenomena 1is mnot satisfactorily explained by temperature, OY
days since last rain alone. The variation seemed consistent
for all pavement in a particular area.

A condition called "differential wheelpath friction" was
studied and it was found that a difference as low as ten wet
stopping distance numbers at 40 MPH between wheelpaths, even
when both wheelpaths have an acceptable friction, can cause a
braking car to spin out of control., . For this reason it may be
necessary to test both wheelpaths in the future.

Such methods as chip seals, slurry seals, and heater
scarifying are acceptable short-term solutions to slick
pavements, Nevertheless, when possible, the application of an
open graded asphaltic concrete finishing course should be used
for a permanent remedial action,

The studies indicate that asphalt rejuvenating agents
(emulsified petroleum resins) can be safely applied, provided
the surface is then sanded and broomed and initially had an

acceptable friction level.
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Consideration should be given to the development of a
complete 8kid potential evaluation system other than the
acceptance or rejection based solely on a recorded friction

value,

IMPLEMENTATION

The Mu-Meter, when modified, 1s a highly acceptable and
functionable friction measuring trailer capable of testing 250
lane miles per working day. At a total cost of $10,600, the
Mu-Meter test unit is inexpensive as compared to other skid
trallers. Since the wunit 1s an accurate form of testing, it
appears that such a unit would be a highly economical method to
measure pavement friction, It is completely mechanical thus
eliminating most of the problems that occur with more
sophisticated testing units. It 1is Dbelieved that the unit
should also be considered an acceptable method and that a new
test procedure should be designed based on its use.

With the information presented in this report, any agency
should be able to duplicate the test unit at a cost much less
than $10,600,

The general savings for this unit could range from $25,000

to $85,000 as related to the skid trailers presently available,
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Our studies indicated that further vresearch should be
initiated into the problem of differential wheelpath friction,
which, thus far, has been undetected but may be a serious
problem to the drivimg public. vOur research also dindicated
that there should be further 1investigation Iinto deslicking
methods, including further research dinto constructing skid
resistant portland cement conbreter pavements., Such studies
should consider texturing techniques including the addition of
skid resistant aggregate to the finished surface, and the

frictional effects of grooving,
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SURFACE FRICTION STUDY OF ARIZONA HIGHWAYS

On August 18, 1970, the Arizona Highway Department
initiated a research program entitled "Surface Friction Study
of Arizona Highways,”" sponsored by the Federal Highway
Administration. The research was conducted by the Materials
Division's Research Branch. The specific aims of the program
were to investigate "the sideway force method" for the
prediction of frictional characteristics of pavement surfaces
in terms of pavement type, layout features, and traffic
conditions. As the research progressed, the program aims were
altered to place greater emphasis on traffic conditions and
less emphasis on layout features, As part of the program, an
evaluation of the adaptability of the Mu-Meter as a standard
highway friction measuring trailer was conducted. In the
evaluation such things as repeatabllity, speed, temperature and
tire pressure versus friction, and the ability to correlate
with other friction measuring devices were of prime interest.
MU=-METER

The Mu=Meter 18 a continuous recording friction measuring
trailer (Figure 1), It measures the side=force friction
generated between the test surface and the two pneumatic tires
which are set at a fixed toe-out angle of 7-1/2 degrees to the

line of drag (Figure 2), Pulling the Mu-Meter over a surface
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produces a frictional force which is sensed by a transducer
located in the apex of the trailer's A frame. The resulting
hydraulic pressure 1s transmitted through a flexible 1line on
the recorder's bourdon tube and recording mechanism (Figure 3).
The recorder stylus makes a trace on the moving pressure-
sensitive chart paper (Figure 4). The chart paper moves at a
rate of one inch for every 450 feet of surface tested.

The Mu=Meter was originally designed to measure the actual
gurface friction conditions of airport runways. Fbr this
reason, the unit was a completely mechanical device which had
to be put manually into the testing position before a test
could be made, After a test was completed, the tester had to
again be manually taken out of the test position before moving
on to another site. Since this method was extremely time
consuming and unsatisfactory for highway work, it was decided
to make the test sequence completely automatic. To do this, an
observation was made of the means employed by the Utah Highway
Department in converting their Mu~Meter to a more automatic
system. Their ideas were then expanded wupon including the
hydraulic system that was added to the test unit. It consisted
of two hydraulic rams and a hydraulic control system for moving
the test wheel in and out and moving the recording wheel up and
down (Figure 5). The hydraulic system worked extremely well

and enabled tests to be made by the operator from the cab of
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the towing vehicle., Thus, testing could be accomplished
without stopping.

In order to simulate wet pavement conditions, a watering
system was added to the skid test unit, The watexring system
enabled a uniform .018 inch layer of water to be placed in
front of the test tires. A valve regulated the flow, 1insuring
the water layer would remain consistent at all speeds,

A speclal electrical monitoring system was integrated into
the hydraulic and water systems (Figure 6). The system
included a number of micro switches which enabled the driver to
determine the condition of all systems through a series of
1ights on the control panel. The system was very efficient and
easy to install.

The towing vehicle, which has now become a part of the skid
test unit, is a ome-ton truck which carries a 300 gallon water
supply and all of the support equipment (Figure 7).

A breakdown of the costs are as follows:

Mu-Meter $5,585

Truck 52,700

Laboxr and Parts $2,300
Thus, the total cost to create an acceptable friétion measuring
test unit was approximately $10,600. This price is much less
than the normal costs for other skid trailers. When it is

considered that a test tire ($24.00) will last for a complete
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inventory of the Arizona highway system, it can be seen that
the upkeep of the unit is also very economical,

With the modifications of the Mu-Meter complete (Figure 8),
the unit is highly maneuverable, and it ‘is now possible to
conduct numerous tests without stopping or interfering with
traffic flow., Using this system, approximately 250 lane miles
of highway can be tested in one eight-hour day. The normal
test speed is 40 MPH with higher speeds possible between test
sites. In addition, an automatic speed control on the truck
insures the desired test speed,

EVALUATION

Water Layer Thickness

In an attempt to determine what a satisfactory water layer
thickness under the Mu-Meter tires would be, a water regulation
valve was added to the watering system. The water layer was
adjusted from 0 to 0,018 inch of water (at 40 MPH) and tested
at seven sites with different friction levels. In all cases,
the minimum coefficient of friction was reached after the
application of 0.005 inch of water and remained constant with
increasing water levels, However, i1t 18 believed that 1if
lesser water thickness had been used the results would have
shown that 0.001 inch of water would have yielded the lowest
coefficient of Ffriction, as was seen 1in all of the cases in

which the water thickness was reduced to this level (Figure 9).
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It appears that the Mu-Meter's smooth tires need only an
application of 0,001 inch of water to represent a wet roadway
instead of the 0.02 inch required by the ASTM E249 ribbed tire.
At the present time, however, the 0,018 inch water setting is
being wused for all testing and was the amount used for all the
tests and correlations that are presented in this report,

Repeatability

In evaluating the Mu-Meter, the second variable studied was
its repeatability. To do this, 29 sites of varying surface and
friction types were studied (Figurxe 10), (The grading
specifications for all of the designs in the paper are shown at
the end of the report, Figure 43.)

The Mu-Meter made a series of six passes over each site at
speeds of 20 and 40 MPH. It also made six passes over selected
sites at 10, 20, 30, 40, and 50 MPH. Twelve passes were made
over each site at 40 MPH. All passes were 500 feet in length.
It was found that when the selected sites were evaluated
between 10 and 50 MPH that there was no significant increase in
the standard deviation with an increase in speed., However, the
fluctuation about the average for individual tests increased
significantly with increasing speed (Figure 11). The Mu-Meter
reading for each pass was calculated by the operator through a
visual averaging of the entire reading over the 500 feet of

test area. The averages from these 1individual readings were
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used to calculate all of the standard deviations for a series
of passes, Thus, the standard deviations include an error in
the averaging of the actual recorded friction. This method was
used, however, because it is the method that would normally be
used in field testing and 1inventory work, Even with the
included interpretation error, the standard deviation for 29
different sites and six passes at each site was found to be 1.4
friction values at 40 MPH, which is very good for a friction
measuring traller. It was also found that, when all locations
were averaged, the standard deviation was the same for six
passes as it was for 12 passes at the same speed. A question
arose as to whether the standard deviation might be related to
the friction value at a particular site. For this reason, the
average Mu-Meter reading for each site was compared to the
standard deviation. It was concluded that the standard
deviation was not significantly effected by the friction wvalue
of the pavement surface,

Tire Pressure

The next variable measured was the effect of tire pressure
change on the measured surface friction. The results of
numerous tests indicated that there 1s an Increase of 0.5
friction numbers with an increase of one pound of tire pressure

(Figure 12),
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Temperature

A comparison of temperature versus friction was made, but a
relationship could not be found (Figure 13). This is probably
due to the non-destructive method of the Mu-Meter's test and
the type of rubber used in 1its pneumatic tires.

Speed

When test Spéed was compared to friction, it was found that
there was a strong correlation, With dincreasing speed, the
coefficient of friction, as measured by the Mu-Meter, is
reduced (Figure 14). Although the texture of the surface 1is
reflecfed in the slope of the speed gradient, 1t can be assumed
that there will be a decline of 4.0 friction numbers for every
ten miles per hour increase 1in test speed, From these
correlations, a prediction can be made of what the friction
value would be at higher speeds 1if the frictionm value is
ascertained at a lower speed (Figures 15, 16, 17, and 18).
Geometry

The slope of the highway did not appear to effect the Mu-
Meter. However, a sharp curve may cause the unit to record a
lower friction than may actually exist, as is the case with
other skid trailers. Fortunately, the curves present on modern
highways are mnot sharp enough to significantly effect the Mu-

Meter,
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CORRELATIONS

The final test of the Mu-Meter came with the evaluation of
its capabilities to correlate with other friction-measuring
devices. These devices were broken into three categories which
were:

1, 1locked wheel trailers (Figure 19),

2. stopping distance cars (Figure 20), and

3. péndulum testers such as the British Portable
Tester (BPT) (Figure 21),

The various correlations are shown in Figures 22, 23, 24,
and 25, with the data shown in Figure 26. In the case of all
skid trailer correlations, the test procedure was carried out
with the Mu-Meter and skid trailer traveling one behind the
other at 40 MPH, and tests being conducted at the same location
and wheel track., The Mu-Meter would make one continuous test
while the skid traller made two consecutive tests on the same
pavement by locking only one wheel, Since the two Mu=-Meter
tires are separated by a short distance, the skid trailer's
wvheelpath would be centered between the Mu-Meter wheelpath;.
In this manner, neither wunit was affected by the other's
watering system, Since the tires do not track across exactly
the same pavement, due to the different forms of testing, a
slight but acéeptgble error may have been added to the

correlations using this method.
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The Mu-~Meter was correlated simultaneously to the Arizona
Highway Department's skid car and the British Portable Tester
(BPT). The test sequence was as follows:

1. Mu-Meter tested the section using its own watering
system at 20 and 40 MPH.

2, A water truck saturated the test area and the Mu-
Meter made tests at 20, 40, and 60 MPH. 1In between these tests
and directly after the Mu-Meter, the skid car made five‘tests
each at 20 MPH and 40 MPH with the surface being wetted by the
water truck just prior to each skid. (Some 50 MPH skids were
attempted but were discontinued because of the hazards
created,)

3. After the series was completed, the BPT was used to

test the surface at three locations in the wheelpaths using the
recommended BPT test method.
This concluded testing at a particular site. 1In all, 29 sites
were tested, The correlations produced are shown in Figure 27
and the data 1in Figure 28, The correlation between the Mu-
Meter and BPT was 1low, as was expected, due to the
inconsistency of the BPT on coarse textured surfaces.

The results of these correlations indicate that the Mu-
Meter correlates extremely well to another Mu=Meter similarly
modified, to standard skid trailers, and to the stopping

distance car, and that the Mu-Meter reading can be interchanged
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by simple equations with the values recorded by other accepted
friction measuring equipment. The results also indicate that
the Mu-Meter correlates much better to other equipment when its
own watering system is used instead of an externally wetted
pavement such as created by a water truck or sprinkling system.
This may have been the cause of the lower correlations reported
by Gallaway and Rose . Since the friction range is generally
greater for the Mu~-Meter, it also appears to be more sensitive
than the other units,

Figure 29 shows the 1independent correlation between the
Utah Mu-Meter and the Arizona and Colorado testers. This
relationship was used to calculate the theoretical correlation
used in Figure 30, which shows all of the major correlations
plotted together. This figure'brings out an interesting and
significant conclusion. As can be seen from the graph, there
seems to be an inconsistency as to where a minimum friction
level exists, At a point when California's skid trailer 1is
reading 35 (which is considered unacceptable), other units can
be reading anywhere from 50 to 60 (which they would consider
satisfactory). If 40 is chosen for California, the
corresponding reading for other units is 60 to 70, which would
be considered highly acceptable. In this case, one agency
would consider remedial action while another would classify it

as having an adequate coefficient of friction and possibly
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design for such a friction level., We believe everyone will
agree that this 1inconsistency adds further incentive to
establish standardization centers as soon as possible and also
evaluate a pavement on more than just a determination of its
coefficient of friction,

It was hoped that we could evaluate the minimum acceptable
Mﬁ-Meter reading at 40 MPH by calculating the corresponding Mu-
Meter reading for a recorded value of 35 for other skid
trailers and a 46 for the skid car (as described in NCHRP
Report 37)2 o There was a wide range Iin the calculated values,
due to the inconsistencies of the trailers. When all wunits
were averaged, a value of 42 was calculated. When only the
skid trallers were averaged, a value of 43 was calculated. For
this reason and because the accident analysis indicated a
braking point of approximately the same value, a wet Mu-Meter
reading of 43 at 40 MPH is considered to correlate best with
other skid trailers® values of 35. In the future, when units
have been standardized, this value may be changed to conform
with other devices,

GENERAL OBSERVATIONS

The Mu=-Meter, being completely mechanical, proved to be an
extremely trouble free testing unit. The only inoperative time
recorded was due to a broken hitch and an initially defective

recorder, which was promptly replaced. The unit proved itself
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more than acceptable for highway use up to 85 MPH (limits of
tow truck) and has suspension superior to most highway
vehicles. It 1is a rugged unit which can be towed anywhere a
tyuck can travel., 1In the two years we have had the  unit, 1t
has been out of operation for approximately two weeks.

SKID INVENTORY

During the program, a complete inventory of our State's
highway system was conducted. The inventory consisted of skid
tests made at every other mile post for one-tenth of a mile.
When traveling in the increasing mile post direction, the tests
were made at the even-numbered mile posts. When traveling in
the decreasing mile post direction, the tests were conducted on
the odd-numbered wmile posts. In this way, a test was made at
least once at every mile post (Figure 31). A total of 3,439
miles of highway was inventoried,

The surface friction inventory made by the Mu-Meter will be
used to locate 1low friction areas and monitor the yearly
frictional changes of the entire highway system., Using this
inventory, pavement problem areas can be detected. Predictions
can also be made as to when borderline cases will, if ever,
fall to questionable friction levels. This will allow advance
planning for their correction, prior to the existence of

hazardous conditions.
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SEASONAL VARIATION

The research studies have shown that there appears to be
seasonal variation in the coefficient of friction which follows
similar patterns at any particular location in a given area
(Figure 32). 1In our research program, a 20 mile area was
investigated and the average pattern for each direction of the
highway is shown in Figure 33. As can be seen, the patterns
and values are almost identical for each direction. A
climatological investigation of these results was generated and
included a comparison of 1) temperature versus friction and 2)
days since the last .0l inch or more of rain versus friction.
The results are shown in Figure 34. The results indicate that
the variation is due to a combination of factors; however,
temperature and days since last rain do not explain the
phenomena satisfactorily. Correlations were made with higher
amounts of rainfall, but the correlation was lower than with
the .01 inch of rain, so they are not presented.

It was noted that after rainstorms there was usually an
increase in friction; however, 1in some cases the friction
dropped to its original friction value within a few days and in
other cases it took longer or did not return at all but kept
increasing. The amount of rain did not seem significant
because in some cases, even after the heaviest rain, the

friction level did not increase even though it was at one of
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its 1lowest 1levels, Further examination of the data is
necessary to determine the significance of all the variables
effecting this variation,

The data indicated that ﬁhere might have been a general
treqd between temperature and friction. Our previous studies
had indicated that none existed, 80 further tests were
conducted during the summer when the friction level was at a
low value., Tests were run during the coolest and hottest part
of the day (50°F pavement temperature difference) over the 20
mile section of highway. Negligible change in the friction
coefficient was recorded. Arizona is unique in its wide range
of dally pavement temperatures which 1lends to evaluating
temperature versus frictionm without the influence of seasonal
variables. These tests have shown that when evaluating
temperature versus friction, a short time period should be
involved; otherwise, an incorrect interpretation of the results
could be made,

The seasonal variation must be considered when analyzing
skid data. This is necessary because a pavement that may have
a satisfactory friction level at one time of the year could
have an unsatisfactory value at another time of the year,
Present information indicates that the lowest friction level is

reached during the summer months in Arizona. For this reason,
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the Arizona Highway Department plans to conduct its friction
~inventories during these months.

DIFFERENTIAL WHEELPATH FRICTION

During our testing, a condition was noted that we feel
warrants special attention and further investigation. The
condition occurs when the two wheelpaths in which a vehicle
rides have a different coefficient of friction. We are aware
that there will usually be a small difference, but this is not
the condition we are describing. The differential wheelpath
friction (DWPF) we are considering is one in which a vehicle
may be riding on two different surface types, two different
ribbons of asphaltic concrete or concrete pavement, or a
condition where one wheelpath is flushed or polished while the
other 1s not. To our surprise, a very small difference in the
wheelpath frictions will cause a car to spin out of control
when braking. An example of two conditions are shown in.
Figures 35 and 36. 1In Figure 35, the wet stopping distance
number at 40 MPH (SDNAO) was 50 for the right wheelpath and 60
for the left wheelpath, which is only a 17 percent difference,
In picture A, the car skidded at 30 MPH and rotated 25°
counterclockwise, In picture B, the car skidded at 40 MPH and
rotated 40° counterclockwise. 1In picture C, the car skidded at
50 MPH and rotated 952 counterclockwise. When the direction of

skidding was reversed, the same values were recorded with the
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car turning clockwise., In Figure 36, the right wheelpath had a

wet SDN, of 67 and the left wheelpath had a SDN of 41, a 39

40
percent difference. 1In picture A, the car skidded at 40 MPH
and rotated 90° clockwise, 1In piéture B, the car skidded at 50
MPH and rotated 2702 clockwise. Again, when the direction of
skidding was reversed the same values were recorded with the
car rotating counterclockwise,

Figure 36 1s an extreme case used to portray what might
happen 1f one wheelpath were flushing while the other was not,
However, the first case 18 one that 1is fairly common and,
although both wheelpaths have a satisfactory level of friction,
a hazardous condition occurs due to their difference., As the
speed increases, the effects increase dramatically. Under such
conditions, the normal driver tends to remove his foot from the
brake as he begins to rotate, When he does, his car 1is
propelled 1n the direction the vehicle is turned, perhaps off
the road or into the oncoming traffic lane,

Since 1) construction practices at the present time can
produce lanes containing two ribbons, and 2) that a friction
inventory would nét detect unsatisfactory friction differences
in the wheelpaths (since only one wheelpath is tested), it 1is
the opinion of the author that an investigation should be
conducted to determine if both wheelpaths should be tested for

a meaningful evaluation of the pavement. 1In the case of skid
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trailers, the trend is to lock only one wheel, but if both were
locked and had independent recorders, such DWPF areas could be
located and corrected., In such a case, some form of
stabilizing wunit would have to be added to the trailers.
Hopefully, further research will be conducted so that an
acceptable differential wheelpath friction 1level <can be
determined.

FRICTION ANALYSIS

As part of the study, an analysis of the percent of the
highway system falling into each friction range was made
(Figure 37). These and following interpretations are made from
the highway inventory previously mentioned. The results showed
that only 2.8 percent of the Arizona highway system fell below
a skid number of 40. This figure must be considered when
evaluating the accident analysis, It was found that
approximately 50 percent of the highway system fell within the
Mu=Meter frictional range of 71 to 80, These results indicate
that the skid resistance level of the Arizona highway system is
predominantly wvery good and that the present pavement designs
and aggregate types are producing satisfactory skid resistant
surfaces,

ACCIDENT ANALYSIS

During the research study, the question arose as to what a

satisfactory level of friction mlight be, 7To determine this, an
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accident analysis was made of the entire Arizona highway system
and correlated to the skid inventory previously described., The
results of this analysis were most revealing. The accident
types were broken into three categories for the analysis,
These were:?

1. Dry pavement accidents,

2, Wet pavement accidents, and

3. Wet skidding accidents,

The number of samples falling into each friction range was
not uniform since the majority of the highway system
inventoried fell dinto the higher than 50 range. For this
reason, the accident analysis had to be in a form which would
take this into consideration. To do this, a ratio was made by
dividing the percent of any particular accident type in a given
friction range by the percent of the highway system falling in
the same range. The results of the analysis are shown in the
upper portion of Figure 38. It is evident from these graphs
that the majority of wet weather accidents fall into the low
skid resistance vtTanges. The analysis also indicated that,
although less than three percent of the total Arizona highway
system had a coefficient of friction below 40, 29 percent of
the wet weather accidents occured in these areas. When a

friction level of Dbelow 50 is considered, it relates to less
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than seven percent of the highway system but 43 percent of the
wet weather accildents.

The lower portion of Figure 38 shows the difference between
dry and wet, dry and wet skidding, and the wet and wet skidding
accident 1indices for the entire highway system in Arxrizona., It
is a truer representation of the effects of wet pavement and
was calculated from the figures above them. These graphs
depict the increase of the accldent index in the lower friction
ranges especlally in the below 40 ranges for wet and wet
skidding accidents. It can be seen that above a friction value
of 50, the difference in the accident indices becomes equal and
even become negative, We are aware of the other methods
possible 1In relating accident analysis to the coefficient of
friction. However, after a thorough evaluation of all methods,
we believe that on a large scale in Arizona, this particular
analysis yields  a very meaningful evaluation,

In evaluating the accident analysis, a study of the amount
of rainfall occurring on the days of the accidents was made.
In this way it was hoped to determine 1f there was a
significant amount of rainfall necessary to create a hazardous
condition, In this study, a 50 mile section of portland cement
concrete freeway was selected and the accidents were analyzed
for a three~year period of recorded information. The analysis

was based on the relationship between the total number of
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accidents occurring at various dally rainfalls. These
accidents per amount of rainfall were compared to the percent
of the three years that the particular amount of rainfall was
present. The accumulated percents were calculated and then
plotted (Figure 39). The location where the curve reached a
one-=to~one slope was picked as the point where the accumulated
percent of accidents begin increasing faster than the
accumulated percent of days. This point was related to the
accumulated percent of accidents which were present at a
Particular amount of daily rainfall., The results revealed that
\
the slope reached wunity at approximately 26 percent of fhe
accumulated accidents., This percent relates to a rainfall
amount of approximately 0.1l inch of water per day. In simple
terms, this means that a tenth of an inch or‘more occurred only
23 percent of the time but was responsible for 74 percent of
the accidents., The same relationship holds true when only
sections with a Mu~Meter vreading of 40 or ‘below vere
considered. Apparently, although a small amount of water 1is
necessary to reduce the friction level as recorded by the Mu-
Meter, at least a tenth of am inch per day 1is necessary to

create a significant Increase in the wet weather accident rate,

CORRECTIVE MEASURES FOR SLICK PAVEMENTS

In our studies we found that the methods of correcting low

friction pavements by the use of chip seals, slurry seals, and
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heater scarifying are very effective and all have an adequate
coefficient of friction after comstruction., However, as others
have also noted, there is a question of how long each method
can last prior to the reappearance of the original or a lower
friction value., In our opinion, the slurry seal should only be
used as an intermediate step in the correction of low friction
pavements, since it could flush and create even a worse
condition after a short period of time, As for Theater
scarifying and chip seals, the ©predicted 1life may vary
significantly with constrxuction techniques,

It is generally agreed that anm asphaltic concrete finishing
course (ACFC) should be used as a lasting remedial action. The
question arises as to whether a dense or open graded ACFC is a
better skid resistant surface. In our research, two sections
were compared which were constructed in an area where the only
difference was that one Qas an open graded mix and the other a
dense graded mix. The results are shown in Figures 40 and 41.
The conclusions from these tests 1indicate there 1is 1little
difference when the normal application of water 1s used;
however, when the surface 1is flooded (unexposed surface
aggregate), the dense graded ACFC's friction decreased
significantly with speed while the open graded ACFC remained
approximately the same as with normal water. The higher skid

resistance under such circumstances is due to the open graded
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ACFC's greaterx drainage abilities. In Avrizona, where
rainstorms are of an intense nature, such drainage is required
for higher freeway speeds and, for this reason, the Arizona
Highway Department is considering a greater use of the open
graded ACFC, especially in the correction of pavements with low
friction levels. Some engineers believe that such open graded
mixes and, in some cases, all exposed asphaltic concrete should
be treated with an asphalt rejuvenating agent. Since these
agents are being wused and appear to cause the pavement to
become slick, an investigation into the frictiomal effects of
asphaltic rejuvenating agents was undertaken,

FRICTIONAL EFFECTS OF ASPHALT REJUVENATING AGENTS

(Emulsified Petroleum Resin)

In the evaluation of asphalt rejuvenating agents (ARA),
various surface types and amounts of applications were studied.
The results from these tests are shown in Figure 42. The
analysis began by measuring the surface friction prior to the
application of ARA, As soon as the ARA was placed and
demulsified (turned brown), the frictlion was remeasured and the
value recorded (shown as point A). The friction level was
measured each hour after the application demulsified as shown
on the graph, In some cases, the pavement was sanded or
broomed; these points are shown on the graph as the letters §

and B, respectively., A marked increase in the friction can be
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seen after each of these procedures. From these tests the
following conclusions can be drawn:

1. The application of an asphalt rejuvenating agent
(emulsified petroleum resin) causes an initial drop of
approximately 53 percent in the Mu-Meter reading.

2, The application of sand 1is beneficial but, when
combined with ©brooming, increases the surface friction
significantly and raises it to a satisfactory level.

3. In all of the cases tested, a satisfactory level of
friction was achieved when the surface was sanded and broomed,

4, In the cases tested, all of the surfaces that were
sanded and broomed regained most of their original friction
within 24 hours.

5. 1t 1s possible for the pavement to reach an
acceptable level without sanding or brooming; however, it may
take a much longer time and in some cases may never recover its
original level,

6. When an ARA is applied to a pavement, the wet and
dry friction is the same up to a Mu-Meter reading of 60, This
phenomena 1is unique and has only been observed after such
applications.

7, 1f a surface originally has a low friction value,
an application of ARA may create a hazardous condition that may

not be easily corrected,



Page 28

Present tests indicate that it 1s possible to safely use an
asphalt rejuvenating agent if the pavement 18 sanded and
broomed afterward. If the original pavement friction 1is low,
however, friction tests should be performed prior to opening
the pavement to traffic, thus, insuring that the pavement has

risen to an acceptable friction level,

CONCLUSIONS AND RECOMMENDATIONS

1. The Mu-Meter, when modified, 1s a highly accurate friction
measuring trailer, It has a standard deviation of 1.4 and
correlates extremely well to other skid trailers and the
stopping distance car. A wet Mu-Meter reading of 43 at 40
MPH appears to correlate best to other skid trailers' wet
values of 35 at 40 MPH.

2, At a total cost of $10,600, including tow truck and
modifications, the Mu~Meter test unit 1s inexpensive as
compared to other skid trailers. Since research indicates
that it is an accurate form of testing, 1t appears that
such a unit 48 a highly economical method to measure

pavement friction.
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This unit can test 250 lane miles of highway per day with a
minimum of maintenance. It 41is highly sturdy and more
manuverable than most skid trailers.

The Mu-~Meter inventoried 3,439 miles of the Arizona highway
system with the following results: Only 2.8 percent of the
system fell below a Mu-~Meter reading of 40, but 29 percent
of the wet weather accidents fell in the same range. It
was also found that only 23 percent of the wet weather days
had greater than 0.11 inch of rain but 74 percent of the
wet weather accidents occurred on these days. This
indicates that it may be necessary to have greater than a
tenth of an 1inch per day of rain to create a hazardously
wet condition,

The seasonal variation was studied but temperature and days
since last rain do not satisfactorily explain the
phenomena., The variation seemed consistent for all
pavement in a particular area.

The effect of different wheelpath frictions was studied
with the following results. A difference of 10 wet
stopping distance number; between wheelpaths can cause a
braking car to spin out of control even though both
wheelpaths have an acceptable level of friction, TFor this
reason, it may be necessary to test both wheelpaths in the

future.
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Initial studies indicate that chip seals, slurry seals, and
heater scarifying are acceptable short term solutions to
slick pavements, but an open graded asphaltic finishing
course should be considered as a permanent remedial action.
Asphalt rejuvenating agents can be safely applied 1if the
surface 1s then sanded and broomed and 1if it initially had
an acceptable friction level.

Consideration should be given to the development of a
complete pavement evaluation system other than the
acceptance or rejection based solely on a recorded frietion
number,

Further research should be initiated to investigate various
deslicking methods including methods to insure permanent
skid resistant surfaces on portland cement concrete
pavements, The studies should evaluate texturing
techniques, addition of skid resistant aggregate to the

finished concrete, and the frictional affects of grooving,
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ARIZONA HIGHWAY DEPARTMENTS
MODIFIED MU-METER

Figure 8
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Figure 10
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ARIZONA HIGHWAY DEPARTMENT - MATERIALS DIVISION RESEARCH

MU-METER Page 44
SPEED VS. FRICTION GRADIENTS
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Figure 14 (Cont'd)
MU-METER

SPEED VS. FRICTION GRADIENTS

Site 20 MPH 40 MPH 60 MPH
a 80 68 64
b 63 44 37
c 52 28
d 67 62 56
e 77 68 63
f 71 67 65
g 67 67
h 50 28
i 45 25
] 50 27
k 62 46 36
1 54 37 26
m 65 50 40
n 49 34 23
o 85 79 78
P 75 70 70
q 78 73 69
r 37 19
s 38 21 13
t 48 25 18
u 83 80 76
v 77 71 69
W 78 74 69
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Figure 15

M
Mu20 versus Mu40
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MU-METER 60 MPH
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Figure 16

Mu40 versus Mu60
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Figure 17

Mu20 versus Mu60
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Figure 18

Mu  versus Other Speeds
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ARIZONA HIGHWAY DEPARTMENT
MATERIALS DIVISION RESEARCH
Figure 22

UTAH MU-METER CORRELATION
NOV. 17, 1969
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MATERIALS DIVISION RESEARCH

Figure 23

NEW MEXICO SKID TRAILER CORRELATION
SEPTEMBER 14,1971

Page 52
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/

0o I0 20 30 40 50 60 70 80
NEW MEXICO SKID TRAILER 40 MPH

Number of cases = 42

Mu-Meter = = 14.939 +1.2105(Skid Trailer)
Skid Trailer = 12.341 4+ .0.8261(Mu-Meter)
Correlation coefficient = 0,9897

Standard error = 3.16 N.M. values
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ARIZONA MU METER 40 MPH
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ARIZONA HIGHWAY DEPARTMENT
MATERIALS DIVISION RESEARCH

Figure 24

SKID CAR CORRELATION
JANURARY 1972

/

7

/

0 I0 20 30 40 50 60 70 80 90
ARIZONA SKID CAR 40 MPH

Number of cases = 26

Skid Car =15.219 + 0.6777(Mu-Meter)
Mu Meter=—22.456  + 1.4755(Skid Car)
Correlation coefficient = 0.9802
Standard error = 2.72 Car values
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ARIZONA MU-METER 40 MPH

ARIZONA HIGHWAY DEPARTMENT
MATERIALS DIVISION RESEARCH
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Figure 25
CALIFORNIA SKID TRAILER CORRELATION
MARCH, 1972
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NUMBER OF CASES = IlI

MU-METER= -17.829 + 2.1416(Calif)
CALIF. = 8325 + 0.4669(Mu-Meter)

CORRELATION COEFFICIENT = 0.9172

STANDARD ERROR = 3.2| Calif values
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MU-METER - CAR - BPT CORRELATIONS

Page 50

Figure 27 .

VARTABLES NUMBER OF CORRELATION STANDARD
Y V8 X OBSERVATIONS REGRESSION EQUATIQN COEFFICIENT ERROR
@)
3 1 26 ¥=8. 349+, 8590 (X) .9383 A
7 1 25 Y=-3.424+, 8030 (X) .8661 6.55
1 4 26 Y=13.198+2.2416 (X)-.01886(X) > .8539 7.45
1 5 19 ¥=26.208+4.1320(X)~.09857 (X) 2 .8535 6.53
6 1 24 ¥=21.169+.4741(X) . 7946 5.23
8 1 24 ¥=35.154+.2717 (X) .6130 4.97
(2)
7 2 26 ¥=15.219+.6777 (X) .9802 2.72
3 2 27 Y=1l.915+l.6450(X)—.01024(X)22 .9438 b .46
2 4 30 =-13.309+2.3952(X)-.01650(X) .9394 6.93
2 5 18 Y=15.377+2.8023(X)~.02864 (X) .8760 9.28
6 2 24 Y=31.744+.3789 (X) .8527 4.69
8 2 22 ¥=40.866+.2371(X) .7652 4.09
- (3)
3 4 24 Y=9.339+2.3903(X)—.02031(X)22 9506 4,24
3 2 27 Y=11.915+1.6450(X)~-.01024(X) .9438 4.46
3 1 26 Y=8. 349+. 8590 (X) ) .9383 4. bt
3 5 19 ¥=27.850+3.7960 (X)-.08719 (X) .9163 4.56
3 7 26 ¥=22.001+.8793(X) .8894 6.14
6 3 23 Y=16.870+. 5499 (X) .8703 4. 24
8 3 22 Y=35.621+.2520(X) .6656 3.17
W
3 4 24 ¥=9.33942. 3903 (X)-.02031 (X)2 .9506 4,24
4 5 18 ¥=20.011+.7971(X) ) .9499 6.29
2 4 30 ¥=13.309+2.3952(X)-.01650 (X) .9394 6.93
7 4 28 Y=24.426+.5883(X) .9212 5.16
1 4 26 ¥=13.138+2.2416(X)~.01886 (X)2 .8539 7.45
6 4 25 Y=37.426+.3521(X) .7919 5.38
8 4 23 Y=42.561+.2685(X) .7896 3.95
(5)
4 5 18 Y=20.011+. 7971(X) .9499 6.29
3 5 19 Y=27.850+3.7960(X)~.08719 (X)2 .9163 4.56
2 5 18 Y=15.377+2.8023(X)~.02864 (X) .8760 9,28
1 5 19 ¥=26.208+4.1320(X)-.09857 (X) .8535 6.53
8 5 18 Y=47.224+.2025(X). ,7076 4.85
7 5 19 Y=41.488+.3741(X) .6951 9.06
6 5 19 Y=46.947+. 2103 (X) .5376 7.73
(6)
6 7 24 ¥=21.718+.6025(X) .8860 4.16
6 3 23 Y=16.870+. 5499 (X) .8703 4. 24
6 2 24 ¥=31.744+.3789 (X) .8527 4.69
6 1 2 Y=21.169+.4741(X) .7946 5.23
6 4 25 - ¥=37.426+.3521(X) .7919 5.38
8 6 24 C¥=26.816+.4995(X) .7729 3.51
6 5 19 Y=46.947+,2103(X) .5376 7.73



Figure 27 (Cont'd)

Page 57
MU-METER - CAR - BPT CORRELATIONS
VARIABLES NUMBER OF CORRELATION STANDARD
Y VS X OBSERVATIONS REGRESSION EQUATION COEFFICIENT ERROR
(7)
7 2 26 Y=15.219+.6777(X) .9802 2.72
7 4 28 Y=24,426+.5883(X) .9212 5.16
3 7 26 Y=22,001+.8793(X) . 8894 6.14
6 7 24 Y=21,718+.6025(X) .8860 4,16
7 1 25 Y==3,424+.8030(X) .8661 6.55
8 7 23 Y=35.878+.3570(X) 7573 4,09
7 5 19 Y=41.488+.3741(X) .6951 9.06
(8)
8 4 23 Y=42.561+.2685(X) .7896 3.95
8 6 24 Y=26,816+.4995(X) .7729 3.51
8 2 22 Y=40.866+.2371(X) . 7652 4,09
8 7 23 ¥=35,878+.3570(X) .7573 4.09
8 5 18 Y=47,224+.2025(X) .7076 4.85
8 3 22 ¥=35.621+.2520(X) .6656 3.17
8 1 24 Y=35.154+,2717(X) .6130 4,97
Variable

1 = Mu-Meter using own watering system at 20 MPH

2 = Mu-Meter using own watering system at 40 MPH

3 = Mu-Meter using external watering system at 20 MPH

4 = Mu-Meter using external watering system at 40 MPH

5 = Mu-Meter using external watering system at 60 MPH

6 = Skid Car using external watering system at 20 MPH

7 = Skid Car using external: watering system at 40 MPH

8 = British Portable Tester
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INDEPENDENT CORRELATION STUDIES WITH THE UTAH MU-METER

Figure 29
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ARIZONA MU-METER
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ARIZONA HIGHWAY DEPARTMENT
MATERIALS DIVISION RESEARCH

Figure 30
SKID CORRELATIONS
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ARIZONA SKID CAR
UTAH MU-METER
———— —————NEW MEXICO SKID TRAILER
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FRICTION INVENTORY

TESTS ARE CONDUCTED IN LEFT WHEEL PATH OF OUTSIDE LANE

Page 61

ARIZONA WIGHWAY DEPARTHMENT
MATERIALS DIVISION RESZARACH

SEASONAL VARIATION OF FR TION
H 34
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Figure 32
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RIGHT WHEEL PATH Page 64

SDN 50
40 17%

LEFT WHEEL PATH = SDN,, 607 Difference

-s—(A) Car skids at 30 MPH and
rotates 25 counterclockwise

‘“' o = v

A

25%

—_——

(B) Car skids gt 40 MPH and

rotates 40 clockwise
l |
- Au.l" e - -
40° (m . mfﬁl"'ﬁ‘ v

.

=——(() Car skids at 50 MPH and
rotates 95 counterclockwise

-

Figure 35




RIGHT WHEEL PATH

LEFT WHEEL PATH

(A)
Car skids at 40 MPH and rotates 90Y clockwise

90°

(B)
Car skids at 50 MPH and rotates at 2700 clockwise

Figure 36

270°

SDN 67 Page 65

‘ 39% Difference
SUN40 41



% OF SYSTEM IN THIS READING

Page 66

ARIZONA HIGHWAY DEPARTMENT
MATERIALS DIVISION RESEARCH

INTERSTATE, STATE AND U.S.
HIGHWAYS IN ARIZONA
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Figure 37
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DAILY RAINFALL AS RELATED TO ACCIDENT RATES Pa ge 68

Janvary 1968 to December 1970

ACCUMULATED % OF AGCIDENTS

Amount
of Rainfall No. of
in Inches No. Accumulated Days Accumulated
Per Day Accidents 4 % Occurred z
<.01 11 4.60 4.60 92 46.23 46.23 ¢
.01 12 5.02 9.62 12 6.03 52.26
.02 14 5.85 15.48 13 6.53 58.79
.03 4 1.67 17.15 5 2.51 61,30
04 3 1.25 18.41 11 5.52 66.83
.05 2 .83 19.24 3 1.5C 68.34
.06 4 1.67 20.92 3 1.50 69.84
.07 3 1.25 22.17 3 1.50 71.35
.08 4 1.67 23.84 7 3.51 74.87
.09 2 .83 24.68 3 1.50 76.38
* 0,11 2 .83 25.52 2 1.00 77.38
.12 3 1.25 26.77 4 2.01 79.39
213 9 3.76 30.54 2 3.00 80.40
.14 4 1.67 32.21 3 1.50 81.90
.15 2 .83 33.05 1 .50 82.41
.16 9 3.76 36.82 3 1.50 83.91
W17 11 4.60 41.42 2 1.00 84.92
.18 4 1.67 43.09 1 +50 85.42
L1y 5 2.0% 45,18 1 .50 85.92
.20 8 3.34 48.53 5 2.51 88.44
W21 1 L4l 48.95 1 .50 88.94
.26 5 2.09 51.04 3 1.50 90.45
.27 2 .83 51.88 1 .50 90.95
.28 4 1.67 53.55 1 +50 91.45
.29 3 1,25 54.81 1 50 91.¢5
34 20 8.36 63.17 2 1.00 192.96
.36 4 1.67 64,85 1 .50 93.46
.37 5 1.25 66.10 1 .50 93.96
.38 8 3.34 69.45 S .50 84.47
.42 8 3.34 72.80 1 .50 94.97
o5 2 .83 73.64 1 .50 95.47
.52 i0 4.18 77.82 3 1.50 95.98
i 3 1.25 79.07 1 <30 97.48
64 g 3.34 82,42 1 .50 97.98
W74 14 5.85 88,28 1 .50 98. 45
.77 13 5.43 93.72 1 .50 95.99
1.33 4 1.67 95.39 1 .50 39,49
2.43 11 4.60 100.00 1 .50 100,00
% Point at which accident rate increases faster than
the aucumuiated X of days.
100
Q0
80
70
60
50
40
30
SLOPE > l:}+=/
20
10 .
10 20 30 40 50 60 70 100

80
AGCUMULATED <% OF DAYS

Figure 39
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ARIZONA HIGHWAY DEPARTMENT Page 72
STANDARD SPECIFICATIONS

TABLE 704 - 1 AGGREGATE FOR COVER MATERIAL AND SLURRY SEAL

% Passing Sieve (Note 1) i
Spec'li‘tyilc’:tion Crushed Swell, | Plasticity n?:;?;‘g::,'.
Designation | % Y, 3, % | No. | No. | No.| Ne.| No.| No.| No. | No. | Faces |Maximum,} Index o5 (Note 2)
inch | inch j inch | inch 4 8 18 30 40 50 100 200
CM-1 100 0-8 (Note 6) | (Note 7)
CM-2 100 {65-100 0-15 0-5 0-2 (Noute 3) 45
CM-3 100 |65-100 0-20 0-5 0-2 {Note 4) 45
CM-4 100 {85-100 0-20 0-6 0-2 {Note 4) 45
CM-b6 100 | 97-100| 66-100 5-30 0-7 0-2 (Note b} 45
CM-6 100 ]65-100 0-20 017 0-4 45
CM-7 100 70-90 0-25 0-b ' 0-2 {(Note 4) . 45
CM-8 160 ]70-90 | 40-75) 25-50 8-i5 {Note 8)
CM-9 100 70-90 | 45-70 | 28-50| 19-24 12-25| 7-18 8-156 (Note 8)
Note 1. Percentage by weight when tested in accordance with the requirements of AASHO T 27.
Note 2. Percentage by weight when tested in accordance with the requirements of AASHO T 96.
Note 3. bAt leasfl;1 30 percent by weight of the material retained on the No. 8 sieve shall have at least one rough angular surface produced
y crus mg
Note 4. {)\t leasf;1 70 percent by weight of the material retained on the No. 8 sieve shall have at least one rough angular surface produced
y ecrushing,
Note 5. At least 85 percent by weight of the material retained on the No. 8 sieve shall have all surfaces which are rough and angular and
have been produced by crushing.
Note §. The material shall show no more than 0.06 inch swell when tested in accordanee with the requirements of AASHO T 101, Methed B.
Note 7. ‘The plasticity index shall not exceed 5 when tested in accordance with the requirements of AASHO T 90.
Note 8. 'I‘}xlé pgrtlonoof the material passing a No. 40 sieve shall be nonplastic when tested in accordance with the requirements of
H
TABLE 703-1 MINERAL AGGREGATE
Type 9% Passing Sieve (Note 1) Swell, Abrasion, Plasticity Sand
Specification Maximum,| Maximum, | Crushed Index, Equivalent,
Designation 1 £ Va B R4 No. No. No. No. | No. inch % (Note 3){ Faces | Maximum | Minimum
inch | inch | inch | inch | ineh | 4 8 40 | 100 | 200 | (Note 2) (Note 4)
MA-1 100 |90-100 55-80 20-45 2-6 0.06 40 Note b b 55
MA-2 100 | 90-100 60-86 25-50 2-6 0.06 50 b 55
MA-3 100 }90-100 65-90 35-60 2-8 0.06 50 5 55
MA-4 100 |90-100 {70-100 25-55 . 2-8 0.06 50 b 55
MA-5 "100 {90-100 {70-100 35-65 2-10 0.06 50 3 55
MA-G 100 | 35-70 | 10-18 0-4 0.06 40 Note 6 NP 55
MA-T 100 70-86 | 45-70 | 20-40 | 5-15 3-8 0.06 50 b 56
MA-8 100 | 90-100 4b-76 0-8 0.06 50 [ 55
MA-9 100 | 90-100 40-65 0-10 0.06 50 b 65
Note 1. Percentage by weight when tested in accordance with the requirements of AASHO T 27.
Nota 2. When tested in accordance with the requirements of AASHO T 101, Method B.
Note 3. Percentage by weight when tested in accordance with the requirements of AASHO T 96.
Note 4. When tested in accordance with the requirements of AASHO T 90.
Note 5. ﬁxt ]e'lsth 50 percent by weight of the material retained on the No. 4 sieve shall have at least one rough angular surface produced
y crushing.
Note 6. At least 70 percent by weight of the material retained on the No, 10 sieve shall have at least one rough angular surface produced

by erushing.
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